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ABSTRACT 
This study analyses thirteen daily precipitation series of Piedmont, region of North-West Italy. The meteorological se-
ries have been chosen because they were meteorological observatories operating continuously from the beginning of 
1900 until 2011. As the first step an historical research over each station has been carried out. In this way, the potential 
breaks, in the series, either due to changes of locations or instruments, have been determined and the missing values 
have been recovered. On the precipitation daily series a quality control have been effectuated and by metadata identifi-
cation it was possible to assess the homogeneity of the meteorological series. In this way we have obtained the complete 
and correct series on which trends have been computed. In order to better understand the consequences of climate varia-
tions on our environment and society, we have calculated the climate indices proposed by “CCL/CLIVAR Working 
Group on Climate Change Detection” (dry and wet days, rainy days, intensity of precipitation…) over the time. The 
values of precipitation have also allowed beginning the climatic analysis with the aim at defining the principle local 
peculiarity in Piedmont. 
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1. Introduction 
Since the 80’s were published by the international scien- 
tific community many studies on the evolution of the 
precipitation of the XX century. In particular these ana- 
lyses have focused on change in mean values of rain and 
underlined their variations by use of the trends calculated 
on various time scale [1-4]. 
These studies highlight the trends of the meteorology- 
cal variable by identifying growth or decrease periods, on 
annual and seasonal scale. In Europe, annual precipita- 
tion has steadily increased since the mid 19th century, 
with well above average precipitation since the dry spell 
of the 1940s. Highest values overall were recorded in the 
1979 [5]. The analysis of long-term trends in the Alpine 
region [6] have shown no statistical significant. The sta- 
tistical significance is found only in certain seasons, win- 
ter and spring, in agreement with other studies on a re- 
gional scale [7-9]. 
These work, although highlight important aspects of 
precipitation, do not reveal how precipitation varies with- 
in the periods [10]. A correct analysis of the precipitation 
should consider different aspects such as duration, inten- 
sity and distribution by utilizing series with high tempo- 
ral resolution. 
A complete analysis of precipitation series has been  
introduced since the year 2000, when it was possible to 
have a suitable number of daily series with a good num- 
ber of measurement years, at least 30 years of data [11]. 
These studies highlight not only the calculus of the trend, 
but they analyze the extreme events by the use of climate 
indices. However the changes have been identified only 
from the mid-twentieth century when the majority of 
Nations have introduced the automatic meteorological 
stations that allow having meteorological variables with 
high temporal resolution [12]. 
In Europe it was found an increase in heavy rainfall 
events, from 1949 to 1999, influencing the amount of 
annual precipitation [13]. The largest increase was found 
in northern and central Europe, especially in winter [14]. 
In northern Italy an increase in heavy rainfall events has 
occurred in the last 60 years. The increase in precipita- 
tion intensity over northern Italy does not have uniform 
spatial patters, the western area having a greater trend 
than the eastern one [15]. 
The lack of detailed studies on secular daily precipita- 
tion series is mainly due to absence of long and homo- 
geneous daily precipitation series, available for a few 
areas. Piedmont, in the North-West Italy, is an exception. 
The measurement of the climatic parameters and the ac- 
curate conservation of the information gathered in Pied- 
mont some long and homogeneous daily precipitation 
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series. 
The good availability of meteorological daily data has 
allowed us to analyze the real rainfall pattern by the use 
of climatic indices. This study is not limited to analyzing 
changes in accumulated precipitation over time but it 
examines the duration of dry and wet periods, the fre-
quency of heavy rainfall and number of rainy days, 
studying in detail the variation of the meteorological 
variable in the last hundred years. 
A detailed study of the precipitation can explain water 
balance in an area with complex orography like the Pied- 
mont characterized by steep slopes. In this area heavy 
rainfall can cause flash floods particularly dangerous. In 
fact, the most dramatic flooding in Italy occurred in Pied- 
mont in 1951, 1966, 1994, 2000 and 2002. 
Although floods are natural phenomena that cannot be 
prevented but, we can reduce the deaths, the environmen- 
tal and economic damage. The effects of climate change 
are reduced by proper assessment and risk management, 
and by the adaptation and mitigation procedures. 
2. Materials and Methods 
In this study thirteen long daily precipitation series, from 
1913 to 2011, of Piedmont have been analyzed (Table 1, 
Figure 1). The series have been chosen because their 
meteorological stations have measured with continuity 
the variable for many years and the series have a limited 
number of gaps. These are referable to the period 1942- 
1950, during and just after the Second World War. In 
order to have a complete database for each meteorology- 
cal station an accurate historical research has been made 
that it has allowed to recover the missing data and to 
evaluate the homogeneity of the series by identifying the 
changes of location or instruments of the stations during 
its activity. 
 
 
Figure 1. Geographic location of the meteorological stations in Piedmont region, Italy. 
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Table 1. Characteristics of the meteorological stations analyzed in this study. Latitude North, longitude East, elevation (m 
ASL.) and period of data availability. 
STATIONS LATITUDE N LONGITUDE E ELEVATION [M] PERIOD 
ALESSANDRIA 44˚56'17'' 8˚4218'' 90 1913-2011 
ASTI "09'53˚44  "48'12˚8  117 1914-2011 
VERCELLI "32'19˚45  "26'23˚8  132 1939-2011 
TORINO 45˚04'18'' 7˚41'23'' 239 1913-2011 
BRA "18'04˚44  "09'51˚7  285 1913-2011 
BIELLA "35'33˚45  "27'03˚8  405 1916-2011 
VARALLO "14'49˚45  "30'16˚8  470 1913-2011 
CUNEO "14'22˚44  "39'13˚7  575 1913-2011 
LANZO "23'17˚45  "38'29˚7  580 1913-2011 
ALA DI STURA "48'18˚45  "41'18˚7  1006 1933-2011 
OROPA "40'37˚45  "56'58˚7  1186 1913-2011 
ALAGNA "31'52˚45  "14'56˚7  1196 1913-2011 
MALCIAUSSIA "31'12˚45  "58'08˚7  1800 1937-2011 
 
The historical research has been carried out by con- 
sulting the paper register of the stations in which the 
daily values of variable have been written and the re- 
placement of instrumentations or changes of position 
(metadata) have been reported and by consulting the 
Annals (Hydrographic and Marigraphic National Service 
archives) in which the geographic coordinates of each 
station (latitude, longitude and elevation) have been re- 
corded every year. 
The selected series were submitted to quality control 
by using the software RClimdex [16]. This methodology 
allows us to identify the false values due to an incorrect 
reading, or to a wrong transcription from the original 
paper. Each value identified as wrong by the software 
has been rechecked by comparing the data on paper re- 
cords. 
For the precipitation series in which metadata have 
been identified, a statistical test that allows us to homo- 
genize the daily data without altering the statistical pro- 
perties of the variable has not yet been developed [14]. 
For this reason, the continuity of the series has been eva- 
luated by observing the annual precipitation trends and 
by assessing the presence of discontinuities. If in the 
proximity of discontinuous year (metadata), the variable 
showed a break in the average value, the series was dis- 
carded because it does not show the real trend of the me- 
teorological variable [17]. 
On the homogenous daily precipitation series the cli- 
mate indices established by Expert Team on Climate 
Change Detection Monitoring and Indices [18] have been 
calculated to better characterize and understand the cli- 
mate changes that occurred in the different locations. For 
each series we have calculated on monthly, seasonal and 
annual basis: 
- PRCPTOT, total precipitation, sum of precipitation 
amount measured in mm; 
- RD, number of rain days, days with precipitation 
≥1mm; 
- CDD, consecutive dry days, maximum number of 
consecutive days with precipitation <1 mm; 
- CWD, consecutive wet days, maximum number of 
consecutive days with precipitation ≥1 mm; 
- SDII, simple daily intensity index, annual total of 
precipitation divided by the number of rain days; 
- R25, number of heavy precipitation days, count of 
days when precipitation ≥25 mm. 
Subsequently on the climate indices the slope of the 
trends were calculated by least squares linear fitting [15] 
and estimating statistical significance with the determi-
nation coefficient [19]. 
The comparison between the results obtained from 
analysis of climate indices in the different series was 
made by dividing the meteorological stations in the re-
spective climatic regions.  
The climate division was taken from a previous study 
developed by the Department of Earth Sciences and 
Piedmont Region [20]. This work analyzes the distribu-
tion of rain and temperatures in Piedmont from 1951 to 
1986 to identify and map climatic homogeneous areas 
according to the Bagnouls and Gaussen’s method (1953) 
[21]. This climatic classification was based on the distri-
bution of monthly average temperature and precipitation  
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during the year. Hot, cold and dry periods were defined 
by observing favorable and unfavorable conditions for 
vegetation. Hot periods were defined by the succession 
of months where an average temperature higher than 
20˚C. Cold periods are defined by the sequence of mon- 
ths where an average monthly temperature lower than 0 
degrees is recorded. Dry periods are represented by the 
succession of dry months, defined by the relation P < 2T 
where P represents precipitation and T temperatures.  
In order to correctly compare the results, the climate 
indices and their trends were recalculated and analyzed 
over the common period to all meteorological series, 
from 1939 to 2011. 
For each climatic region the pluviometric regime [22], 
the average monthly precipitation and the number of wet 
days were calculated. Also the average values of the 
variable and the climatic indices were estimated on the 
reference period, from 1971 to 2000 [23] to evaluate the 
changes in different time intervals. 
Subsequently it was evaluated the interaction with 
large-scale circulation pattern that contributing to the 
determination of the precipitation field structure because 
the precipitation are characterized by a high spatial and 
temporal variability. They are generally determined by a 
large number of climatic factors (orography, exposure, 
distance from the sea) but one of the most important 
forcing elements is orography, which interacts strongly 
with the large scale flow. The long series of precipitation 
are analyzed using the principal component analysis 
(PCA) method [24]. The study considers the seasonal 
periods and shows the relationship between the structures 
of the seasonal camps of the precipitation and the North 
Atlantic Oscillation (NAO) [25]. 
3. Data and Stations 
The meteorological stations considered in this work are 
uniformly distribute in the Piedmont, North-West Italy. 
The altitude varies between 90 m ASL of Alessandria 
and 1800 m ASL of Malciaussia (Figure 1, Table 1). 
The first analysis, carried out on thirteen precipitation 
series (Figure 1), showed that, in most cases, the instru- 
ment was installed since 1913. This allowed having 98 
years of data. In the towns of Asti and Biella the registra- 
tion started respectively since 1914 and 1916. Only in 
Vercelli, Ala di Stura e Malciaussia the registration be- 
gan in the thirties with an average availability of 75 years 
of data (Table 1).  
The first analysis, carried out on thirteen precipitation 
series (Figure 1), showed that, in most cases, the instru- 
ment was installed since 1913. This allowed having 98 
years of data. In the towns of Asti and Biella the registra- 
tion started respectively since 1914 and 1916. Only in 
Vercelli, Ala di Stura e Malciaussia the registration be- 
gan in the thirties with an average availability of 75 years 
of data (Table 1). 
The precipitation series of Ala di Stura, Alagna, Biella, 
Cuneo, Lanzo, Torino and Varallo have a gap during the 
year of Second World War, from 1942 to 1950.  
The recovery of gap was made by consulting the paper 
records and the Annals. This has permitted to recover all 
the daily values for Ala di Stura (Figure 2), Torino and 
Alagna and the monthly values of precipitation amount 
and the number of wet days for Biella and Varallo. Only 
for Cuneo and Lanzo it was not possible to trace the 
missing values and, for this reason in this study, the two 
stations were rejected. 
The historical research, aim to identify the information 
 
  
(a)                                                         (b) 
Figure 2. (a) Daily precipitation series of Ala di Stura before the historical research, (b) daily precipitation series of Ala di 
tura after the historical research. S  
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about the meteorological stations, has allowed to find out 
the variations occurring in the recording of the variable 
due to a change of instrumentation. During the years the 
manual rain gauge, used at the beginning of the record, 
was replaced by the automatic rain gauge. This change 
occurred in the thirties for the stations of Alessandria, 
Asti, Torino, Bra, Varallo and Oropa and in the eighties 
for Malciaussia, Ala di Stura and Alagna. 
The metadata, made by the change of position, were 
detected in the last period for all the series considered. 
This shift was caused by the replacement of the old net- 
work, managed by National Hydrographic Service, with 
a new environmental monitoring network, administrated 
by ARPA Piedmont. However these changes did not 
cause discontinuities in the variables patterns allowing us 
to use the series without homogenization [26]. 
4. Results 
The climatic analysis made on the precipitation series has 
highlighted, in the most cases, negative trends in the pre- 
cipitation amount, in the number of wet days and in the 
number of heavy precipitation days, while the consecu- 
tive dry and wet days have positive trends. 
It is necessary to point out that all climatic indices 
have shown strong variability that do not allow to calcu- 
late a significant trend because the determination coeffi- 
cient never takes a number near the unit. The maximu- 
value of the determination coefficient is equal to 0.33 
calculated on the simple daily intensity index of Biella. 
Despite the trends are not statistically significant, the 
station with the maximum negative trend for precipita- 
tion series is Varallo with −4.0 ± 1.8 mm/year while for 
the number of rain days the maximum decrease trend is 
calculated in Vercelli with −0.14 ± 0.05 day/year and the 
maximum positive trend in the station of Torino with 
+0.14 ± 0.04 day/year. The maximum decrease for the 
simple daily intensity index was estimated in the series of 
Torino, −0.05 ± 0.01 mm/year, followed by Alagna, 
−0.04 ± 0.01 mm/year, while a positive trend was calcu- 
lated in the station of Vercelli with +0.02 ± 0.01 mm/ 
year. 
The tendencies calculated on dry and wet periods as- 
sumed positive trends. The maximum value for dry peri- 
ods is equal to +0.17 ± 0.09 day/year for the station of 
Vercelli, while for wet periods is equal to +0.02 ± 0.01 
day/year for the stations of Alagna.  
This first analysis highlights two stations, Vercelli and 
Torino, where the precipitation manifest major variations. 
Vercelli shows a subalpine pluviometric rate with a main 
minimum in winter, a main maximum in autumn and a 
secondary maximum in spring. The precipitation and the 
indices series highlight decreasing trends from 1939 to 
2011. For the precipitation series the maximum decreas-  
ing is calculated in summer while for the rain days in 
winter. For both variables the negative trends increases 
when you consider the last period, from 1973 to 2011. 
Torino shows an alpine continental pluviometric rate 
with a main minimum in winter, a main maximum in 
spring and a secondary maximum in autumn. For the 
precipitation series the maximum decreasing trend is 
calculated in spring while for the rain days in summer. In 
this station we have find a variation in the precipitation 
events. From 1945 to 2011 there was a decrease in days 
with weak precipitation, P < 25 mm, and an increase in 
days with heavy rainfall, P ≥ 25 mm, especially in au- 
tumn. 
The comparison among the results obtained in the dif- 
ferent locations was carried out by dividing the stations 
in different climatic region of Piedmont classified by the 
Bagnouls and Gaussen’s method. The series were di- 
vided into three regions: Sub-Mediterranean, Temperate 
and Cool-Temperate and the climatic indices with their 
trend were calculated over a common period to all the 
meteorological series, from 1939 to 2011 and from 1971 
to 2000 (Tables 2 and 3). In the Sub-Mediterranean re- 
gion are comprised the stations of Asti, Alessandria and 
Bra while in the Temperate region the stations of Biella, 
Torino and Vercelli and in the Cool-Temperate the loca- 
tions of Alagna, Oropa, Varallo, Ala di Stura and Malci- 
aussia. 
The Sub-Mediterranean region is characterized by the 
presence of two or three dry months in summer. The re- 
gion has a subalpine pluviometric regime with a maxi- 
mum in autumn and in spring and a main minimum in 
winter (Figure 3(a)). The month with the highest number 
of wet days is May with an average of 7.3 days, followed 
by April with 6.8 days (Table 2). Most rainfall is found 
in October with 75.7 mm, followed by May with 71.0 
mm (Table 2). 
In this region it was calculated an average annual pre-
cipitation equal to 639.4 mm with 65.1 wet days, 39 
consecutive dry days, 6 consecutive wet days and about 6 
heavy precipitation days (Table 4). 
Comparing these results with the values calculated 
over the reference period of thirty years, from 1971 to 
2000, (Table 4) it is evident a decrease in the average 
value for all the indices. The biggest difference is de- 
tected in the precipitation amount and in the dry period. 
The study of climatic indices in the three regions high- 
lights an increase in the precipitation amount in the town 
of Alessandria and Biella and a decrease in Asti, while 
for all the station there is a decrease in the number of wet 
days, an increase in the consecutive dry periods and, for 
the wet periods, the trend increases but with values close 
to zero (Table 3). A positive development is occurred in 
the numbers of heavy precipitation days and in the den- 
sity of precipitation, indicating a slight change in the   
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Table 2. Average monthly values calculated over all the period analyzed (1939-2011), number of rain days (RD) and precipi-
tation amount (PTOT) measured in mm for each climatic region: Sub-Mediterranean (Sub-M), Temperate (Temp) and Cool 
Temperate (C-Temp). 
MONTH RD SUB-M PTOT SUB-M RD TEMP PTOT TEMP RD C-TEMP PTOT C-TEMP 
JAN 4.9 38.3 4.3 39.3 5.6 54.8 
FEB 4.5 38.1 4.2 44.2 5.4 60.6 
MAR 5.4 47.9 5.4 60.0 7.0 94.5 
APR 6.8 68.3 7.8 98.4 10.1 175.6 
MAY 7.3 71.0 9.5 119.4 12.9 211.1 
JUNE 5.7 49.0 8.0 92.8 11.2 153.0 
JULY 4.0 37.4 5.5 64.5 8.3 95.4 
AUG 4.8 47.6 6.6 79.6 9.5 120.1 
SEPT 4.7 55.0 5.8 82.1 8.1 145.8 
OCT 6.4 75.7 6.8 96.8 8.6 181.4 
NOV 6.3 69.4 6.0 86.8 7.2 130.6 
DEC 5.1 45.7 4.5 48.8 5.8 67.4 
 
Table 3. For all the meteorological stations are calculated the trends over the common period, from 1939 to 2011, on precipi-
tation amount, PRCPTOT, number of rain days, RD, dry periods, CDD, and wet periods, CWD, with their determination 
coefficients. 
CLIMATIC REGION STATION PRCPTOT R2 RD R2 CDD R2 CWD R2 
ALESSANDRIA 0.25 0.001 –0.03 0.002 0.04 0.005 0.0002 0.02 
ASTI −0.10 0.0001 −0.13 0.05 0.16 0.05 0.01 0.01 SUB MEDITERRANEAN 
BRA 1.28 0.02 −0.05 0.01 0.16 0.06 −0.003 0.001
VERCELLI −0.07 0.00 −0.14 0.05 0.17 0.05 −0.01 0.01 
TORINO −1.31 0.01 −0.25 0.10 0.17 0.07 −0.02 0.04 TEMPERATE 
BIELLA −0.13 0.00 −0.12 0.02 0.22 0.02 0.19 0.06 
VARALLO −4.00 0.04 −0.06 0.01 0.15 0.03 −0.01 0.01 
ALA DI STURA −1.00 0.003 −0.07 0.01 0.03 0.003 0.003 0.004
OROPA 1.72 0.005 −0.19 0.06 0.07 0.01 −0.03 0.03 
ALAGNA −1.84 0.01 0.06 0.002 0.07 0.01 0.02 0.02 
COOL TEMPERATE 
MALCIAUSSIA 0.00 0.00 0.04 0.004 −0.03 0.004 0.02 0.02 
 
rainfall characteristics during the considered period as 
shown in the example for the station of Bra (Figures 4(a) 
and (b)). 
In the Temperate region there are no dry months and 
the monthly average temperatures of the coldest month 
range between 0˚C and 10˚C. This area has a prealpine 
pluviometric regime with a principal maximum in the 
spring following autumn and a principal minimum in 
winter (Figure 3(b)). 
The average precipitation calculated over all the period 
is equal to 895.6 mm with 77.4 wet day/year and an av- 
erage density of precipitation equal to 11.7 mm/day (Ta- 
ble 4). The month with the greatest quantity of rain is 
May with 119.4 mm followed by April with 98.4 mm, 
while the largest number of wet days was detected in 
May with 9.5 days (Table 2). 
Comparing the average values of climate indices cal- 
culated over the whole period to the average values esti- 
mated on the reference period it was detected a decrease 
in rainfall, in the number of dry periods, in the heavy   
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Table 4. Average values (AV) and standard deviation (SD) of: number of rain days (RD), precipitation amount (PRCPTOT) 
measured in mm, consecutive dry days (CDD), consecutive wet days (CWD), heavy precipitation days (R25) and simple daily 
intensity index (SDII) measured in mm/day, calculated over the entire period, from 1939 to 2011, and over the reference pe-
riod, from 1971 to 2000 in three climatic region. 
INDICES RD PTOT CDD CWD R25 SDII 
SUB-MEDITERRANEAN REGION 
AV 1971-2000 65.3 682.2 41.2 6.1 6.8 10.4 
SD 1971-2000 11.6 141.1 12.0 1.5 2.5 1.3 
AV 1939-2011 65.1 639.4 38.9 5.8 5.9 9.7 
SD 1939-2011 11.4 152.9 11.0 1.3 2.6 1.4 
TEMPERATE REGION 
AV 1971-2000 77.4 943.8 40.7 6.5 10.6 12.1 
SD 1971-2000 13.4 202.5 15.5 1.2 2.9 1.6 
AV 1939-2011 77.4 895.6 38.4 6.5 10.2 11.7 
SD 1939-2011 13.8 232.1 14.0 1.4 3.5 1.8 
COOL TEMPERATE REGION 
AV 1971-2000 98.5 1589.2 33.3 8.7 16.2 14.6 
SD 1971-2000 10.6 361.8 13.1 2.2 4.8 3.1 
AV 1939-2011 99.6 1489.2 31.8 8.4 15.7 14.1 
SD 1939-2011 11.7 355.8 10.5 2.2 4.7 2.8 
 
precipitation and in the intensity of precipitation, while in 
the other indices no variation were individuated. 
In each location the index analysis shows a decrease in 
the rainfall, in the number of rain days (Figure 5(a), in 
the density of precipitation, in the number of heavy pre-
cipitation days and in the wet periods. An increase trend 
was calculated in the number of dry periods, as shown in 
the Figure 5(b) for the station of Vercelli. 
The Cool-Temperate region has less four frost months 
in a year with average temperatures of the coldest month 
below −3˚C and of the hottest month between 10˚C and 
15˚C. It has a prealpine pluviometric regime (Figure 
3(c)). The month with the greatest rainfall amount is May 
with 211.1 mm following by October with 181.4 mm and 
May is also the month with the maximum number of rain 
events (12.9 days) (Table 2). The annual average pre- 
cipitation calculated over all the period is equal to 1489.2 
mm, the number of wet days is 99.6 days and there are 
15 days in a year with heavy precipitation. Even for this 
reason the comparison between the average values esti- 
mated over all the period and over the reference period 
shows, in many cases, a decrease except for the number 
of wet days that increases (Table 4). 
The precipitation estimated in each location has more 
pronounced decreases than in the other climatic region. 
In fact the trends vary between −1.0 ± 2.1 mm/year cal- 
culated in Ala di Stura and −4.0 ± 1.8 mm/year detected 
in Varallo. One exception is the precipitation series of 
Oropa where a positive trend equal to 1.7 ± 3.1 mm/year 
has been identified. In this meteorological station we 
have estimated a rain growth in spring and in autumn and 
a decreasing in summer. The increasing of rain is caused 
by a growth of heavy rain in spring especially in the last 
period, from 1971 to 2000. 
A negative trend has been calculated in the density of 
precipitation and in the number of days with heavy pre- 
cipitation while, like in the other climatic regions, a 
greater increase in the dry periods has been calculated in 
comparison to the growth in the wet periods.  
The trends estimated in the temperate and cold tem- 
perate regions would seem to indicate a decrease, al- 
though not statistically significant, in the number of wet 
days and in the precipitation amount. 
The study aimed at highlighting the interaction be- 
tween the precipitation and the NAO index has not iden- 
tified large interaction between the variables. The three 
principal components, CP1, CP2 and CP3, that together 
explain 88% of the precipitation variance, show a low  
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(a) 
 
(b) 
 
(c) 
Figure 3. (a) Pluviometric regime calculated in the sub- 
Mediterranean region, (b) pluviometric regime calculated 
in the Temperate region, (c) pluviometric regime calculated 
in the Cool Temperate region. 
 
(a) 
 
(b) 
Figure 4. (a) Trend of number of heavy rainfall days with 
precipitation ≥ 25 mm, R25, (b) trend of annual density of 
precipitation, SDII, calculated in the station of Bra from 
1939 to 2011. 
 
values of correlation coefficients whit the NAO index 
and therefore do not reveal any influence with this circu- 
lation pattern (Table 5). 
5. Conclusions 
The study on the long precipitation series in Piedmont 
has allowed estimating the variations on local scales, for 
the single stations and on regional scale by the use of 
different climatic regions.  
The trends, calculated on total precipitation, identify 
both positive and negative slope. The decrease trends 
range between −4.00 ± 1.8 mm/year of Varallo and −0.07 
± 1.2 mm/year of Vercelli while the increase trend be-
tween 0.25 ± 0.94 mm/year of Alessandria and 1.7 ± 3.1 
mm/year of Oropa. 
The number of rainy days has a decrease trend with 
two exception represented by the locations of Alagna and 
Malciaussia. However, these trends have not high values 
because they vary between −0.25 ± 0.10 day/year of  
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(a)                                                      (b) 
Figure 5. (a) Trend of the number of rainy days, RD, (b) trend of the dry periods, CDD; calculated in the station of Vercelli 
from 1939 to 2011. 
 
Table 5. Correlation coefficient between the principal com-
ponent of the precipitation series and NAO index and the 
percentage of the variance. 
PRECIPITATION CORRELATION COEFFICIENT VARIANCE (%)
CP1 0.04 75 
CP2 −0.06 7 
CP3 0.09 6 
 
Torino and 0.04 ± 0.10 day/year of Malciaussia. 
Over long period the trend of the precipitation density, 
of the number of days with heavy precipitation and of the 
wet periods does not detect a variation of precipitation. 
An evident tendency emerges in the index of dry periods 
where, in each station, a positive trend has been calcu- 
lated, indicating an increase of the period with precipita- 
tion <1 mm. 
Over a common time period, from 1939 to 2011, the 
precipitation analysis in the three climatic regions, Sub- 
Mediterranean, Temperate and Cool-Temperate, showed 
different behaviors. 
The Sub-Mediterranean region has a subalpine pluvi-
ometric regime with 639.4 mm of annual average rainfall 
and 65.1 rain days. The density of precipitation is equal 
to 9.7 mm/day while the heavy precipitation occurs for 6 
days in a year. In this region the comparison between the 
precipitation measured from 1971 to 2000 with the rain- 
fall recorded over all analyzed period shows a slight in- 
crease in the rainfall, in the number of dry periods and in 
the heavy precipitation attributable to the final period. In 
this climatic region the study of precipitation indicates a 
slight change in the rain events because, during the years, 
the rainfall is increased and the rain days are decreased. 
The change is also highlighted by the climate indices that 
have growth trends for the dry periods, the number of 
heavy precipitation days and the simple daily intensity 
index. 
The Temperate region has a prealpine pluviometric re- 
gime with 895.4 mm of annual average precipitation, 
77.4 rain days and the heavy precipitation occur for 10.2 
days in a year. 
The Cool-Temperate region also has a prealpine plu- 
viometric regime with 1489.2 mm of annual average 
rainfall, 99.6 rain days and a average density of precipi- 
tation equal to 14.1 mm/day.  
The comparison between the precipitations recorded in 
the reference period and in all the period showed a simi- 
lar behavior between the Temperate and Cold-Temperate 
region. For both regions, in the reference period from 
1971 to 2000, it is identified an increase in the rainfall, in 
the number of dry periods and in the heavy precipitation 
and a slight decrease in the number of rain days while the 
study of precipitation in all period, from 1939 to 2011, 
indicates a decrease in the amount and in the intensity of 
precipitation. 
In order to understand the behavior of precipitation in 
Piedmont we have studied the interaction with large scale 
circulation pattern, North Atlantic Oscillation, using the 
principal component analysis. The study not reveals any 
influence highlighting the strong relationship between 
the precipitation and local climatic factors, orography, 
exposure and the distance from the sea.  
Private sector, businesses, industry and services’ sec- 
tors, as well as individual citizens will be confronted 
with the consequences of climate change and can play an 
important role in adaptation measures. Concrete action 
could range very widely, covering soft relatively inex- 
pensive measures: water conservation, use of drought 
tolerant crops, public planning and awareness rising. 
Action is needed by the public sector, e.g. adapting 
spatial and land use planning to risks of flash floods, 
adapting existing building codes ensuring that long-term 
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infrastructure will be proof to future climate risks, up- 
dating of disaster management strategies with early flood 
systems.  
Adaptation will also bring about new economic oppor- 
tunities including new jobs and markets for innovative 
products and services such as new markets for climate- 
proof building techniques, material and products. 
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